Introduction {#sec1-1}
============

Radical prostatectomy (RP) is one of the standard therapies for the treatment of localized prostate cancer. Although considered to be localized at the time of treatment, 15-30% of patients will suffer biochemical relapse within 5 years of surgery (Pound et al., 1999; Han et al., 2003). The risk of treatment failure varies with pre-treatment prostate specific antigen (PSA) levels; the Gleason score and clinical T stage, and with the post-treatment variables of the Gleason score in the surgical specimen and pathological T stage. These variables have been combined to produce statistical models to predict the risk of biochemical relapse, such as the D\`Amico risk classification (D´Amico et al., 1998), the Stephenson nomogram (Stephenson et al., 2006) and the Cancer of the Prostate Risk Assessment (CAPRA) score (Cooperberg et al., 2005). The identification of patients at high risk of treatment failure is important as early use of androgen blockade or radiotherapy has a greater benefit than when used later in the disease (Messing et al., 2006; Thompson et al., 2009) and to identify patients with a lower risk, who could be spared the potential side effects of treatment.

The Prostate Cancer Risk Index (PRIX) was developed as a simple scoring system using three pre-treatment variables, PSA at diagnosis, Gleason score of the prostate biopsy and clinical T stage. Each variable is assigned a score and the sum of these scores 0-6 is used to stratify the patients according to risk of subsequent biochemical failure (Yoshioka and Inoue, 2007). The PRIX score has been externally validated (Yoshida et al., 2011).

Recent studies have shown that men positive for secondary circulating prostate cells (CPCs), that is those detected after RP, have a seven fold increase of biochemical failure (Murray et al., 2013) and thus identify a high risk group before increases in serum PSA are detected. We present a prospective study of Chilean men who have undergone radical prostatectomy and compare the predictions of the PRIX score with the presence of secondary CPCs and clinical outcomes.

Materials and Methods {#sec1-2}
=====================

Methods and Patients {#sec2-1}
--------------------

Between 2008 and 2014, men who underwent open retro-pubic radical prostatectomy for prostate cancer were enrolled in the study. Men who had received hormonal treatment or were considered for adjuvant radiotherapy or hormonal treatment post radical prostatectomy were excluded from the study. For each patient, after giving informed written consent, the following were recorded: date of surgical treatment, age at surgery, total serum PSA at diagnosis (measured using the Siemens Advia CentaurXR^®^ assay), Clinical Stage (was determined according to the 2002 TMN classification) and Gleason Scores (from RP specimen analyzed by a dedicated genitourinary pathologist according to the Gleason system).

Total serum PSA levels and the presence/absence of CPCs were measured one month after RP. During follow-up total serum PSA levels were measured three monthly for the first two years and then six monthly. Biochemical relapse was defined as a PSA level of \>0.2 ng/ml on two separate occasions at least four weeks apart.

The PRIX score with a range of 0-6 points was determined as follows; a PSA level at diagnosis of \< 10.0 ng/ml was assigned 0 points, 10.0-20.0 ng/ml was assigned 1 point and \> 20.0ng/ml 2 points. Gleason scores at biopsy of ≤ 6, 7 and ≥ 8 were assigned 0, 1 and 2 points respectively. Clinical stages T-T2a, T2b-T2c and T3-T4 were assigned 0, 1 and 2 points respectively.

Detection of secondary CPCs {#sec2-2}
---------------------------

One month after surgery, using EDTA as an anticoagulant (BD-Vacutainer®) an 8 mL of venous blood was taken, maintained at 4°C and processed within 48 hours.

Differential gel centrifugation using Histopaque 1,077 (Sigma-Aldrich) was used to obtain mono-nuclear cells, which were washed, and re-suspended in a 100 μL aliquot of autologous plasma. 25 μL aliquots were used to make 4 slides (silanized, DAKO, USA). These were air dried for 24 hours and then fixed (70% ethanol, 5% formaldehyde, and 25% phosphate buffered saline pH 7.4) for five minutes and finally washed three times in PBS pH 7.4.

Immunocytochemistry {#sec2-3}
-------------------

Anti-PSA monoclonal antibody, clone 28A4 (Novocastro Laboratory, UK) was used to detect CPCs, and an alkaline phosphatase-anti alkaline phosphatase based system (LSAB2, DAKO, USA), with new fuchsin as the chromogen to identify them. Samples positive for CPCs were incubated with anti-CD45 clone (DAKO, USA) and processed with a peroxidase based system (LSAB2, DAKO, USA) with DAB (3,3 diaminobenzidine tetrahydrochloride) as the chromogen.

The ISHAGE (International Society of Hemotherapy and Genetic Engineering) were used to define a CPC (Borgen et al., 1999), as a cell that expressed PSA but not CD45. Slides were analyzed manually to determine if CPCs were present or absent. A test was considered positive when at least one cell/8 mL of blood was detected. In order to assess the reliability/reproducibility of CPC detection using this method, thirty samples in duplicate were analyzed by three different trained cytologists in a blinded fashion to determine the presence or absence of CPCs. A test was defined as positive or negative, based on the theoretical reason that if CPCs were detected independent of the number, the implication was that minimal residual disease was present. ([Figure 1a](#F1){ref-type="fig"} and [Figure 1b](#F1){ref-type="fig"})

![Photo Circulating Prostate Cell](APJCP-19-3375-g001){#F1}

Statistical analysis {#sec2-4}
--------------------

The analysis was performed using the program Stata (Stata/SE 14.0 for Windows, Stata Corp Lp, 20159, describing according to the nature and distribution of the quantitative and ordinate variables with measurements of central tendency (mean and median) and of dispersion using the inter-quartile range (IQR) and standard deviation (SD) (Rosner, 2015). The Shapiro-Wilk Test was used to define the null hypothesis with respect to the normal distribution. The nominal dichotomous variables were described as proportions with their respective confidence intervals (Rosner, 2015).

In the thirty subjects assessed by three different cytologists the observed and expected intra and inter-observer agreements were determined, as well as the Kappa statistic to assess the intra and inter-observer reliability of the test for the presence or absence of CPCs.

Age, PSA at diagnosis, Gleason Score, Clinical Stage, PRIX Score and presence of secondary CPC were compared, to presence of relapse (Rosner, 2015).

For all the men studied the survival of biochemical failure at 3 and 5 years was described using the Survival Curves of Kaplan-Meier (Cleves et al., 2010).

Evaluating the validity of the PRIX score for our study group, we analyzed the calibration of the data using partial validation (the closeness of fit of the prediction of possible survival) (Royston, 2015); where the prognostic index (Neperiano logarithm of the hazard ratio) obtained from published data (Yoshida et al., 2011) is applied to the PRIX score of the observed study data. The aforesaid published survival is compared with our observed survival using the same categorization of patients. The discrimination of a prognostic model reflects its ability to distinguish between patient outcomes. For PRIX score for our study group; the discriminatory power is evaluated using Harrell´s C concordance test (Harrell et al., 1982).

From the predictors: Age, Prix Score (The scores are embedded as dummy variables including a value from zero to five) and the presence of secondary CPC a multivariable cox regression was performed in order to evaluate the relapse predicted during the five-year follow-up (Cleves et al., 2010). The cox regression was conducted by means of a stepwise backward selection approach. The constructed final model was established with predictors whose coefficients show statistical significance (p value \<0.05) and the fulfillment of assumptions (this includes proportional risk, adequate calibration and discrimination) (Cleves et al., 2010; Rosner, 2015; Royston 2015).

In this way the calibration aspect of the model refers to agreements between the predicted outcome and observed outcome (Royston, 2015). For final model, this was assessed using graphical methods including the observed versus predicted values for the probabilities, predictions and cumulative hazard of Cox-Snell residuals (Cleves et al., 2010). Also, we performed the comparison of survival for Cox and Kaplan-Meier models (Cleves et al., 2010).

The discrimination of a prognostic model reflects its ability to distinguish between patient outcomes. For the final model we calculated, the Harrell's C discrimination index (Harrell, 2001); the which is scored on a scale of 0 to 1. This can be taken to mean that if two cases are drawn at random, the c statistic is the probability that the person who survives the longest had the highest predicted survival.

Values near 0 or 1 indicate perfect discrimination. Values of 0.50-0.60 indicate a very poor predictive model; 0.60-0.75 is defined as acceptable; 0.75-0.90 is defined as good; 0.90-0.97 as very good and \>0.97 as excellent.

To evaluate the clinical utility of final model in the prediction of relapse, a decision curve analysis was used, to evaluate the clinical consequences of the predictive combined model (Vickers et al., 2008).

Ethical considerations {#sec2-5}
----------------------

The study was approved by the local ethics committee and fully complied with the Declaration of Helsinki.

Results {#sec1-3}
=======

Descriptive statistical groups {#sec2-6}
------------------------------

Three hundred and twenty one men participated in the study with a mean age of 65.5 ± 8.3 years. The PSA at diagnosis showed an asymmetric distribution with a median and IQR respectively of 5.48 ng/ml and 3.26 ng/ml. 272/321 (85%) of patients had a total serum PSA of \< 10ng/ml at diagnosis, 39/321 (12%) a PSA between 10-20ng/ml and 10/321 (3%) a PSA \>20ng/ml. 223/321 (70%) men had a Gleason score of ≤ 6, 60/321, (19%) a Gleason score of 7 and 38/321 (1159 a Gleason score of ≥ 8. In terms of clinical staging 109/321 (34%) had stage T1c-T2a, 147/321 (46%) had clinical stage T2b-T2c and 65/321 (20%) had clinical stage T3a. A total of 131/321 (40.4%) men underwent biochemical relapse during the study period.

The intra and inter-observer reliability of the test for the presence or absence of CPCs.

The presence or absence of CPC in thirty subjects was analyzed in duplicate by three different cytologists, the expected and observed inter operator agreement were respectively 51.6% and 88.9%. The expected and observed intra operator agreement was respectively 52.2% and 90.0%. The Kappa statistic for inter and intra operator reliability for the presence or absent CPC were respectively 0.77 (CI 95%: 0.58 to 0.82) and 0.79 (CI 95%:0.66 to 0.92).

Biochemical Failure {#sec2-7}
-------------------

There was a significant statistical (p-value \<0.05) association between biochemical failure and age, PSA at diagnosis, Gleason Score, Clinical Stage, Prix Score and presence of secondary CPC ([Table 1](#T1){ref-type="table"}).

###### 

Characteristics of 321 Men with and without Biochemical Failure Treated by Radical Prostatectomy for Prostate Cancer

  Variable                                                 Men without BF n=190   Men with BF n=131   p-value
  -------------------------------------------------------- ---------------------- ------------------- ------------------------------------------
  Age[\*](#t1f1){ref-type="table-fn"} (years) Mean ± SD    64.71 ± 8.07           66.52 ± 8.64        0.028^[a](#t1f2){ref-type="table-fn"}^
  PSA[\*](#t1f1){ref-type="table-fn"}, ng/ml Median; IQR   5.21; 1.89             6.03; 3.84          \<0.001^[b](#t1f3){ref-type="table-fn"}^
  Gleason Score[\*](#t1f1){ref-type="table-fn"}            5; 1                   7; 1                \<0.001^[b](#t1f3){ref-type="table-fn"}^
  Clinical stage                                                                                      
  T1c-T2a n (%)                                            96 (50.53)             13 (9.92)           
  T2b-T2c n (%)                                            76 (40.00)             71(54.20)           \<0.001^[c](#t1f4){ref-type="table-fn"}^
  T3a n (%)                                                18 (9.47)              47 (35.88)          
  PRIX Score [\*](#t1f1){ref-type="table-fn"}Median; IQR   1; 1                   2; 2                \<0.001^[b](#t1f3){ref-type="table-fn"}^
  CPC positive n (%)                                       18 (9.47)              109 (83.21)         \<0.001^[c](#t1f4){ref-type="table-fn"}^

Shapiro-Wilk Test p valor \<0.15; PSA, serum total PSA at diagnosis; SD, standard deviation; IQR, interquartile range; CPC, Presence of secondary circulating prostate cell;

, Student's t-test one tailed assuming equal variance (Variance ratio test p-value \> 0.05);

, Mann- Whitney Test one tailed;

, Pearson´s Chi squared test a two tailed.

After 3 and 5 years of follow up, the Kaplan-Meier biochemical failure free survival for the whole group was respectively 79.10 % (95% CI: 74.00 to 83.32), and 70.33% (95% CI: 64.61 to 75.30).

Partial calibration and discrimination of Prix Score on our study subjects {#sec2-8}
--------------------------------------------------------------------------

The adjusted predicted Kaplan-Meier survival curves for PRIX Score based on the original validation population and our Kaplan Meier estimates (partial validation) Shows an inappropriate fit on PRIX Score 4, 5 and 6 ([Figure 2](#F2){ref-type="fig"}). The Harrell´s C concordance coefficient was of 0.79 (good), between the predicted survival and the observed survival.

![Partial Calibration of a Cox Model with the Prognostic Index Estimated from the Published Regression Coefficient and Evaluated on the Validation Dataset with Re-Estimation of the Baseline Cumulative-Hazard Function. Smooth dashed lines represent predicted survival probabilities, and vertical capped lines represent Kaplan--Meier estimates with 95% confidence intervals. Five prognosis groups were plotted](APJCP-19-3375-g002){#F2}

Kaplan-Meier survival curves showed that men CPC negative had a better prognosis than men CPC positive for the same PRIX score, [Figure 2](#F2){ref-type="fig"} shows the survival curves of CPC negative versus CPC positive for the whole group and in those men PRIX 0 and PRIX 1.

Assessment of the Calibration and discrimination for selected final model {#sec2-9}
-------------------------------------------------------------------------

The cumulative hazard of Cox-Snell residuals for the model studied, showed adequate a goodness of fit. During five years, the comparing predicted (according to the model of Cox) versus observed survival (model Kaplan-Meier) showed agreement ([Table 2](#T2){ref-type="table"}, [Figure 3](#F3){ref-type="fig"}). The Harrell´s C concordance coefficient was 0.86.

###### 

Biochemical Failure Free Progression at 3 and 5 years. Comparing predicted (according to the models of Coxa) versus observed survival (model Kaplan-Meier), in 321 men treated by radical prostatectomy.

                     Survival to 3 years Percentage (CI:95%)   Survival to 5 years Percentage (CI:95%)                            
  ------------------ ----------------------------------------- ----------------------------------------- ------------------------ ------------------------
  CPC (-) PRIX ≥ 2   96.55% (77.95 to 99.51)                   95.68 (89.41 to 98.27)                    92.84 (74.25 to 98.16)   92.65 (82.60 to 97.00)
  CPC (-) PRIX 1     100^b^                                    98.43 (95.82 to 99.41)                    94.29 (83.32 to 98.12)   97.3 (93.04 to 98.96)
  CPC (-) PRIX 0     100^b^                                    98.94 (96.93 to 99.64)                    100^b^                   98.18 (94.85 to 99.36)
  CPC (+) PRIX ≥ 2   39.53 (28.95 to 49.92)                    39.87 (29.84 to 49.70)                    21.68 (13.42 to 31.24)   20.44 (12.79 to 29.35)
  CPC (+) PRIX 1     66.67 (45.71 to 81.06)                    71.87 (55.70 to 82.99)                    62.96 (42.12 to 78.07)   56.53 (37.34 to 71.87)
  CPC (+) PRIX 0     85.71 (53.94 to 96.22)                    80.15 (60.14 to 90.82)                    52.91 (22.63 to 76.13)   68.24 (42.19 to 84.44)

CPC (+), presence of secondary circulating prostate; CPC (-) rated, absence of secondary circulating prostate.

![Biochemical Failure Survival for Prostate Cancer at 5 Years According to Presence of Secondary CPCs, PRIX Score of 0 and 1 Comparing the Observed Survival (Kaplan-Meier) with Predicted Survival (Cox Model) in 321 Subjects Treated by Radical Prostatectomy.](APJCP-19-3375-g003){#F3}

Assessment clinical utility for selected final model {#sec2-10}
----------------------------------------------------

The decision curve analysis, showed that for probability threshold values between 0 and 80% the final model built with cox regression, is most useful than strategies of treat all or none ([Figure 4](#F4){ref-type="fig"}).

![Decision Curve Analysis Comparing Models Using CPC, PRIX Score Values Zero and One, in 321 men treated by radical prostatectomy for prostate cancer.\
\*The Final Model is based on Cox´s proportional hazards risk, using dummy variables: a) presence of secondary circulating prostate, b) presence of PRIX Score equal zero and c) presence of PRIX Score equal one.](APJCP-19-3375-g004){#F4}

The decision curve analysis, showed that for probability threshold values between 0 and 80% the final model built with cox regression, is most useful than strategies of treat all or none ([Figure 4](#F4){ref-type="fig"}).

Discussion {#sec1-4}
==========

From the clinical point of view, after surgery for prostate cancer the question arises of which patients should be considered for adjuvant therapy owing to a high risk of treatment failure? The PRIX score incorporates known risk factors for treatment failure, however the authors did not include recommendations as to treatment options associated with differing PRIX scores (Yoshida et al., 2011). This differs from the CAPRA score (Cooperberg et al., 2011) where patients classified as low risk (a score of ≤ 2) the treatment recommended is observation and for those considered to be at intermediate and high risk (a score of ≥ 3) may be offered treatment to decrease the risk of biochemical recurrence. As with the CAPRA score the PRIX uses clinical variables which are fixed and thus if the patient receives additional therapy the score is no longer valid. Neither does the PRIX score predict whether the failure will be local or systemic in origin and therefore does not help in the clinical decision of which adjuvant therapy should be considered; radiotherapy to the prostate bed or systemic androgen blockade.

In this article, we used the term circulating prostate cells; in general, the term circulating tumor cells has been used to describe Epithelial Cell Adhesion Molecule (EpCAM) expressing cells found in the blood of cancer patients. The cells identified in this article express PSA, highly specific for prostate cells and as such, we used the more specific definition of circulating prostate cells. Due to the epithelial mesenchymal transition seen in cancer cells not all circulating tumor cells express EpCAM or cytokeratins (Raimondi et al., 2011). Circulating cells that express cytokeratins or EpCAM (epithelial cell adhesion molecule) are not prostate specific, may be detected in benign diseases such as inflammatory bowel disease (Pantel et al., 2012). Anti-PSA was chosen to detect CPCs, based on its specificity for prostate tissue. The expression of PSA is dependent on a functioning androgen receptor and as such the presence of androgen blockade theoretically could modify the sensitivity of this assay. In this study none of the men were receiving androgen blockade as part of their treatment.

We defined prostate cells detected in blood after curative treatment as secondary circulating prostate cells. Those present before surgery have been defined as primary circulating prostate cells. For a cancer to be able to produce metastasis, the cancer cells have to disseminate from the primary tumour, survive in the circulation and to able to adhere to the vascular endothelium at a distant site before invading the distant tissue. If not all CPCs are able to adhere and invade distant sites, then complete tumour removal at the time of surgery would imply curative therapy and in the clinical would be seen as better survival rates. Recent studies have shown that the mere presence of primary CPCs is not a good prognostic factor for biochemical failure free survival (Meyer et al., 2016; Murray et al., 2016; Murray et al., 2016a). The detection of circulating tumour cells using combined nested reverse transcriptase polymerase chain reaction pre-radical prostatectomy also failed to predict biochemical failure (Thomas et al., 2002).

Secondary CPC detection also gives important clinical information on the risk of treatment failure, but equally does not predict whether initial treatment failure will be local or systemic. Differing from the PRIX score it is a dynamic parameter and can be repeated during follow-up and can be used to monitor treatment. Furthermore, phenotypic analysis of CPCs may help to determine which type of systemic therapy may have a greater possibility of success (Murray et al., 2011).

We designed the test to be positive or negative; firstly on the theoretical basis that if CPCs were present the inference was that there was minimal residual disease, independent of whether this disease was local or distant from the prostate bed. Secondly a positive/negative results aids in the clinical decision and finally the intra and inter-observer variability was low. The kappa indices and agreements intra and inter operators showed that our technique for the absence or presence of CPC have adequate reliability when used by different trained operators.

Prediction models are based on the statistical analysis of outcomes in a cohort of patients and then validated. The original authors of the PRIX prediction model developed this model based on the correspondence to other prediction models (8) and it has been externally validated in a group of Japanese patients (9). In our group of Chilean men, the PRIX score of 4 or more showed an poor adjust (bad calibration) between the predicted and observed survival, which could be due to the original population (n=519 subjects) used as a standard for the partial validation showed a small number of subjects 13, 1 and 1 for respectively score PRIX 4, 5 and 6 (19); conversely in our study 19, 9 and 4 subjects were respectively PRIX score 4, 5 and 6. The observed survival was significantly worse than the predicted survival. Patients in this group, who were nearly all CPC positive, would be classified as high risk according to the European Association of Urology Prostate Cancer Guidelines (EAU, 2016). These guidelines would recommend adjuvant therapy and from this study it would suggest that men with a PRIX score of 4-6 should be considered for adjuvant therapy. In this group the addition of CPC testing would not add to the decision making process.

The combined model using both PRIX and secondary CPC changes risk groups in a significant number of patients. For the same PRIX score of 0, 1 and ≥ 2 the prognosis of CPC positive patients was significantly worse than CPC negative patients. There was a subgroup of low risk PRIX = 0 patients who were CPC (+), who had a significantly worse prognosis. While a group of patients with a high risk PRIX score defined as a score ≥ 2 who were CPC (-) and had a much better prognosis. These patients had a higher 5 year PFS than men with a PRIX =0 CPC (+). Due to this, we believe that the addition of CPC detection gives clinically significant information of who may be eligible for adjuvant therapy, and inversely who may not need adjuvant therapy. Differing from the group PRIX 4-6 the addition of CPC testing adds clinically significant information that could be used to define patient management. In low risk groups that would not be considered for adjuvant therapy, the use of CPC detection appears to identify men with a significantly increased risk of treatment failure.

A decision analysis curve was used to determine the clinical consequences of incorporating the combined model in predicting the risk of biochemical failure. Differing from traditional statistical measures of a biomarker or test such as specificity, sensitivity, area under the curve, where it is not clear how high the statistical measure should be to warrant its clinical use, the decision analysis curve attempts to address this problem by incorporating the clinical consequences of using the test or biomarker. The basic interpretation of a decision curve is that the strategy with the highest net benefit at a particular threshold has the highest clinical value. The use of the combined CPC marker had no benefit over the PRIX model up to a threshold of 10% probability of biochemical failure. Between 10% and 80% the combined model was superior, that is to say there was a net benefit using the marker in predicting future biochemical failure.

The study should be confirmed using a larger population and multiple centers, this would define inter-center variability and determine the test´s use in the routine immunocytochemical laboratory of a general hospital.

In conclusion, the present study shows that use of pretreatment clinical variables in combination with the detection of secondary CPCs detected using standard immunocytochemistry can stratify patients into distinct groups based on the risk of future biochemical failure. These groups may aid in the clinical decision to determine the need for early adjuvant therapy in men with low and intermediate risk prostate cancer. In men with high risk prostate cancer the use of CPC detection does not aid in the clinical decision making process.
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